Abstract: Neoadjuvant chemoradiation (nCRT) is an established procedure in stage union internationale contre le cancer (UICC) II/III rectal carcinomas. Around 53% of the tumours present with good tumor regression after nCRT, and 8%-15% are complete responders. Reliable selection markers would allow the identification of poor or non-responders prior to therapy. Tumor biopsies were harvested from 20 patients with rectal carcinomas, and stored in liquid nitrogen prior to therapy after obtaining patients' informed consent . Patients received standardized nCRT with 5-Fluoruracil (nCRT I) or 5-Fluoruracil˘Oxaliplatin (nCRT II) according to the CAO/ARO/AIO-04 protocol. After surgery, regression grading (Dworak) of the tumors was performed during histopathological examination of the specimens. Tumors were classified as poor (Dworak 1 + 2) or good (Dworak 3 + 4) responders. Laser capture microdissection (LCM) for tumor enrichment was performed on preoperative biopsies. Differences in expressed proteins between poor and good responders to nCRT I and II were identified by proteomic analysis (Isotope Coded Protein Label, ICPL™) and selected markers were validated by immunohistochemistry. Tumors of 10 patients were classified as histopathologically poor (Dworak 1 or 2) and the other 10 tumor samples as histopathologically good (Dworak 3 or 4) responders to nCRT after surgery. Sufficient material in good quality was harvested for ICPL analysis by LCM from all biopsies. We identified 140 differentially regulated proteins regarding the selection criteria and the response to nCRT. Fourteen of these proteins were synchronously up-regulated at least 1.5-fold after nCRT I or nCRT II (e.g., FLNB, TKT, PKM2, SERINB1, IGHG2). Thirty-five proteins showed a complete reciprocal regulation (up or down) after nCRT I or nCRT II and the rest was regulated either according to nCRT I or II. The protein expression of regulated proteins such as PLEC1, TKT, HADHA and TAGLN was 
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Introduction
Neoadjuvant chemoradiation (nCRT) is an established procedure for locally advanced rectal carcinomas stage union internationale contre le cancer (UICC) II and lymph node positive rectal carcinomas stage UICC III [1] [2] [3] [4] [5] . Local tumor control is improved by nCRT. The percentage of sphincter preservation rate is increased and local recurrence rates after complete surgical removal of the tumor (R0) is decreased [4, 6] . No improvement on overall patients' survival is noted after nCRT [4] . The response to nCRT varies considerably with the patient cohorts. Applying the histopathological regression grading described by Dworak, poor regression was observed in 15%, intermediate regression in 70% and complete regression in 15% of the carcinomas [7] . The regression rate seems to improve prognosis significantly and there may be a correlation between tumor response, distant metastasis and patients' survival [8] . However, in 6% of complete tumor response to nCRT (ypT0) lymph node metastases can be detected in the resected specimens. Lymph node metastases are considered as crucial prognostic indicators [8] .
Neoadjuvant therapy comes with costs, not only is it associated with toxic side effects but it also represents an economic burden. Because the therapeutic effect of nCRT is variable and around 15% of the treated patients do not experience a therapeutic benefit at all, a case selection prior to therapy is desirable [9] . But currently no predictive indicators for nCRT response exist for routine clinical use. Today selection for nCRT is based on imaging techniques. These imaging techniques have limitations in detecting tumor-affected lymph nodes. Molecular markers of the tumor would be ideal to select patients, because they can be analysed prior to therapy in endoscopically harvested tissues. As of today no such markers exist.
To identify molecular markers predictive for nCRT therapy response, we analyzed the proteome of laser captured micro dissected rectal carcinoma biopsies prior to nCRT with isotope coded protein label (ICPL), a recent quantitative technique for protein analysis [10, 11] . These results were postoperatively correlated with histopathological tumor response grade (Dworak) of the resected specimens.
Results

Tumor Samples and Laser Capture Microdissection
We harvested two tumor biopsies from rectal carcinomas from each patient prior to nCRT. One was harvested in liquid nitrogen and stored at´80˝C for proteome analysis, the second one underwent formalin fixation and paraffin embedding procedure (FFPE) fixation for immunohistochemistry. No complications occurred during biopsy sampling. Fresh frozen samples were cut in 8-10 µm slices and prepared for Laser capture microdissection (LCM) as described. A total of 100 mm 2 pure tumor tissue was collected by LCM. There was sufficient tumor material within a 5 mm tumor biopsy to harvest this amount of carcinoma. From 100 mm 2 of tumor tissue an amount of 20 µg total protein could be isolated for ICPL.
Proteome Analysis by Isotope Coded Protein Label (ICPL)
The proteome analysis of the 2ˆ24 OFFGEL-fraction and the non-fractionated samples (50 samples in total) was performed via ICPL-ESIQuant Software. Proteins were referred as quantified and identified with at least two multiplets per protein and a unique peptide per protein. A protein was identified as a single protein species in neighbouring OFFGEL-fractions, whereas, a protein was identified as a separate protein species or isoform in several non side-by-side OFFGEL-fractions. In total 3222 protein species were detected in all 24 fractions of the first OFFGEL-analysis (645 unique protein species). However, because many of the proteins have been found in several fractions, this number was reduced to 131. In the second technical replicate, 3734 protein species were detected in total in all 24 fractions of the OFFGEL-analysis (734 unique protein species). Likewise proteins appearing in several fractions were removed, with 146 proteins left over. Eight-two proteins were identical in both technical replicates. In the first analysis of the not-fractionated samples, from in total 291 detected protein species, 62 unique proteins were identified. The second analysis of the non-fractionated samples could not be included in the evaluation, because that generated by the LC-MS/MS spectra did not permit reliable statements. A repeat of the experiment could not be performed due to insufficient sample amount. Forty-two of the identified proteins were found in all analyses (fractionated and non-fractionated). The identified proteins were classified as differentially expressed with a regulation value of 1.5 ě 1 ě 0.66, with at least two quadruplets per protein and a unique peptide per protein (CV ď 30%). The analysis for nCRT I and nCRT II was carried out separately because of the different chemotherapy regimens added to radiation therapy. Thus, in the data set of nCRT I, 201 proteins (non-redundant) were identified in 2ˆ24 OFFGEL fractions and in the non-fractioned sample and the corresponding protein IDs are allocated from the IPI database; of these, 140 proteins could meet the described regulation value. Out of these 140 differentially regulated proteins, 79 proteins are downregulated in the proteome of poor/moderate responses of nCRT I and 61 proteins were upregulated. In the data set of nCRT II, and 201 proteins (non-redundant) were identified in 2ˆ24 OFFGEL fractions and in the non-fractioned sample, and the corresponding protein IDs are allocated from the IPI database. Of these, 114 proteins met the described regulation values. Out of these 114 differentially regulated proteins, 91 proteins are downregulated in the proteome of poor/moderate responses of nCRT 1 and 23 proteins were upregulated.
Fourteen of these proteins showed a synchronous regulation after nCRT I and 2: A high expression of FLNB Isoform 1 of Filamin-B, Transketolase, PKM2 Isoform M2 of Pyruvate kinase isozymes M1/M2 and SERPINB1 Leukocyte elastase inhibitor and a low expression of IGHG2, Putative uncharacterized protein DKFZp686C15213 was particularly predictive for nCRT without any preference to the added chemotherapy throughout the applied RCT regiments. Thirty-five proteins were completely reciprocally regulated in response to nCRT I vs. nCRT II. Transgelin, LOC440786 Ig kappa chain V-II region TEW and kappa light chain variable region (Fragment) were highly expressed in good responders to nCRT II and expressed at very low levels in good responders to nCRT I. But heterogeneous nuclear ribonucleoprotein F, Adenine phosphoribosyltransferase (APRT) or Tubulin α-1C chain (TUBA1C) were highly expressed in response to nCRT I and expressed at very low levels in response to nCRT II. Eighty-nine proteins were regulated either in response to nCRT I or II. Of these proteins thirty eight were upregulated and 20 down-regulated in good response to nCRT I. Peroxiredoxin-4 (PRDX4), Tubulin α-1A chain (TUBA1A) and Fatty acid-binding protein, epidermal (FABP5; FABP5L7) were highly expressed and Isoform 1 of Fibrinogen α chain precursor (FGA), Isoform 1 of Caldesmon (CALD1) or Isoform Gamma-A of Fibrinogen gamma chain precursor (FGG) were very low expressed in response to nCRT I. Twenty-one proteins were up and 10 proteins were down regulated in response to nCRT II. Of these proteins Actin, α skeletal muscle (ACTA1), Actin, α cardiac muscle 1 (ACTC1) and filamin A, α isoform 1 (FLNA) were extremely highly expressed and Histone H1.5 (HIST1H1B) and 60S ribosomal protein L1i3a (RPL13A) were expressed at very low levels in response to nCRT II. A detailed list of differentially regulated proteins is provided in Table 1 . 
Immunohistochemistry
The validation of protein expression from the randomly selected markers: Plectin-1 (PLEC1), Transketolase (TKT), HADHA Trifunctional enzyme subunit α, mitochondrial precursor and Transgelin (TAGLN) by immunohistochemistry was successful in all cases. The proteins showed clear expression within the tumor cells either in the nucleus or cytoplasm (Figure 1 ).
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We identified a panel of predictive markers for nCRT response in rectal carcinomas with ICPL. ICPL was recently described as powerful tool to identify thousands of proteins in extracts of body fluids or tissue. The technique is characterized by a highly accurate and reproducible quantification method for proteins [10, 11] . ICPL is especially useful to identify regulated proteins in different samples. It is an innovative technology, which showed its value for marker screening in human tissue samples in our study. It was possible to validate randomly selected proteins by immunohistochemistry of tumor biopsies. This is a further indicator for the reliability of the identified proteins. One crucial point is the amount of tissue needed for proteome analysis. We harvested one tumor biopsy for proteomics which is generally also needed for histological diagnosis under clinical routine conditions. No patient suffered from any complication during sample harvesting. From our biopsies sufficient material was accumulated after LCM to perform ICPL. Thus ICPL not only provides reliable results but is also a valuable tool for proteome studies of human specimens which are harvested under clinical routine conditions.
The patients who underwent nCRT were all included in a clinical trial (CAO/ARO/AIO-04) [12] . This is important because not only standardized tissue sampling and preparation but also standardized patient care and treatment increases the value of molecular predictive marker evaluation. In our cohort two different types of chemotherapy were added to radiation. It is not surprising that several proteins were regulated only in relation to nCRT I or II. These markers may reflect the response to the different chemotherapy regiments. However 14 markers were uniformly regulated in response to radiation. Chemotherapy regiments added to nCRT change more frequently than radiation itself. Therefore these proteins and especially the very highly expressed ones, which indicate good radiation response, may be the most valuable for further validation in the future, because a highly expressed marker such as a stable protein can easily be identified e.g., by immunohistochemistry in a routinely sampled tumor biopsy under clinical conditions. PKM2, which was one of these markers, was recently described as highly expressed in colorectal cancer and correlated with later stage, lymph node metastases and oxaliplatin metabolism [13, 14] . It is a cytosolic enzyme involved in nucleic acid, phospholipid-and amino acid synthesis, which provides critical cell building materials for highly proliferating cells, such as tumor cells. A high expression of Transketolase was already described in colorectal and urothelial cancer and was associated with poor prognosis. In breast cancer Transketolase was identified as a potential target against tumor growth [15] . It is involved in the non-oxidative part of the pentose phosphate pathway which is important during cell metabolism. A decrease in Transketolase expression levels in tumor cells was assumed to delay tumor growth. These findings are indicators that several of the markers identified in this study are related to cancer.
We classified our patients for good and poor nCRT response referring to the regression grading of Dworak [7, 16] . This histological method is based on the stroma/tumor cell relation within the tumor after nCRT. It is a commonly used method to quantify tumor response after neoadjuvant treatment under clinical routine. Unfortunately it is of no value for identification of response to CRT prior to CRT application. Chemoradiation in rectal carcinoma is clinical routine as it is of clinical benefit in certain tumors stages: It is recommended in a neoadjuvant setting prior to surgery in stage UICC II and III rectal carcinomas. It decreases local recurrence rates and may increase anal sphincter preservation [1, 2, 4, 6] . Its effect on survival, especially after good or complete response to nCRT, is currently unclear [1, 2, 4, 6] . However, good or complete response to nCRT is seen in only about 60% of patients [9] . The rest of the patients show moderate or poor response to CRT. In these cases nCRT does not add any benefit to the patients, but increases perioperative risks and postoperative morbidity. Furthermore these patients are unnecessarily exposed to partially severe side effects of CRT [1] . Molecular markers may help to identify responders to nCRT. Tools such as these are urgently needed to predict the risk/benefit ratio for the patients during clinical routine.
Material and Methods
Patients and Tumor Biopsies
The study was carried out after obtaining ethical approval by the ethical commission University of Erlangen (ID 3784). For the ICPL analysis, 20 patients with histopathology-proven rectal adenocarcinoma (stage UICC II-IV)-which were recruited for a standardized clinical study (CAO/ARO/AIO-04)-were selected after informed consent [12] . Patients with synchronous second colon carcinomas or younger than 18 years of age were excluded. Tumors with a distance of maximal 16 cm from the anal verge (measured by a rigid endoscopy) were classified as rectal carcinomas. Patients received a total dose of 50.4 Gy radiation, fractioned in 28ˆ1.8 Gy single applications. During radiation they received either 5-Fluorouracil (5-FU: 1000 mg/m 2 /day; nCRT I) or 5-FU (250 mg/m 2 /day + Oxaliplatin 50 mg/m 2 /day; nCRT II) [12] . Patient characteristics are listed in Table 2 . n  10  10  Male  9  7  Female  2  3   ypT-category  yT0  1  3  yT1  0  0  yT2  3  1  yT3  5  6  yT4  1  0   ypN-category  yN0  4  7  yN1  5  3  yN2  1  0 Table 2 . Cont.
Patients nCRT I nCRT II
Distant metastasis
Tumor biopsies of all patients were performed prior to nCRT by rigid rectoscopy. The samples used for ICPL were immediately harvested in liquid nitrogen and stored by´80˝C until further processing. Samples used for immunohistochemistry examination underwent a formalin fixation and paraffin embedding procedure (FFPE). Standardized surgery such as total mesorectal excision (TME) was performed in all cases.
Study Protocol
Endoscopic tumor biopsies were obtained from patients with histopathologically confirmed rectal adenocarcinoma prior to nCRT. Six weeks after completion of nCRT, respective surgery was performed and the tumor response to nCRT was classified according to Dworak's histopathological regression grading. Tumors were separated into two groups regarding the Dworak's regression grading: Dworak 1 + 2: (poor response), Dworak 3 + 4 (good response) [7, 16] . Differences in the tumors' protein expression were identified by ICPL in the biopsies obtained prior to nCRT, comparing poor (n = 10) vs. good (n = 10) responders (Figure 2) . 
Endoscopic tumor biopsies were obtained from patients with histopathologically confirmed rectal adenocarcinoma prior to nCRT. Six weeks after completion of nCRT, respective surgery was performed and the tumor response to nCRT was classified according to Dworak's histopathological regression grading. Tumors were separated into two groups regarding the Dworak's regression grading: Dworak 1 + 2: (poor response), Dworak 3 + 4 (good response) [7, 16] . Differences in the tumors' protein expression were identified by ICPL in the biopsies obtained prior to nCRT, comparing poor (n = 10) vs. good (n = 10) responders (Figure 2 ). 
Laser Capture Microdissection (LCM)
For proteome analysis with ICPL tumor cells were isolated from the biopsies using laser capture microdissection (LCM), according to published protocol [17] (Figure 3) . In brief, frozen tissue of each patient was imbedded in OCT tissue freezing medium, cut into 8-10 µm thick sections using Leica Cryostat Jung CM 3000 (Leica Microsystems Vertrieb GmbH, Wetzlar, Germany) at −20 °C, and mounted onto a PET-membrane with 1.0 mm thickness (Carl Zeiss MicroImaging GmbH, Göttingen, Germany). The sectioned tissues were stored for further preparation at −25 °C. For tissue staining, the cresyl violet protocol, Carl Zeiss (Carl Zeiss MicroImaging GmbH, Göttingen, Germany) with minor modification was used. In brief, the Figure 2 . Study protocol; tumors underwent biopsy prior to neoadjuvant chemoradiation (nCRT); nCRT I: 50.4 Gy + 5-FU; nCRT II: 50.4 Gy + 5-FU/Oxaliplatin; tumor cells were isolated by laser capture microdissection (LCM) from the biopsies and proteomic analysis were performed by isotope coded protein label (ICPL). After nCRT and surgery histopathological tumor regression grading was scored (Dworak) and protein marker expression of the tumor biopsies was correlated with specimens' response to nCRT.
For proteome analysis with ICPL tumor cells were isolated from the biopsies using laser capture microdissection (LCM), according to published protocol [17] (Figure 3 ). In brief, frozen tissue of each patient was imbedded in OCT tissue freezing medium, cut into 8-10 µm thick sections using Leica Cryostat Jung CM 3000 (Leica Microsystems Vertrieb GmbH, Wetzlar, Germany) at´20˝C, and mounted onto a PET-membrane with 1.0 mm thickness (Carl Zeiss MicroImaging GmbH, Göttingen, Germany). The sectioned tissues were stored for further preparation at´25˝C. For tissue staining, the cresyl violet protocol, Carl Zeiss (Carl Zeiss MicroImaging GmbH, Göttingen, Germany) with minor modification was used. In brief, the sectioned tissues were dried with cold 70% ethanol for 2 min, stained for 30 s in cresyl violet solution containing 1% (w/v) cresyl violet acetate and 50% ethanol, and rinsed with 70% ethanol followed by 100% ethanol. The stained tissues were air-dried for 2 min and LCM was then performed using PALM MicroBeam MB IV (Carl Zeiss MicroImaging GmbH, Göttingen, Germany) with approximately 100 mm 2 total area cut per tissue sample, which corresponds to a protein amount of at least 20 µg. Proteins were solubilized out of microdissected tissue for 30 min with 30 µL guanidine/HEPES pH 8.5, centrifuged at 10,000ˆg at 4˝C for 15 min and sonicated 5 times for 10 s. The protein samples were pooled, due to material limitations of biopsies. The pooling was performed in accordance with the histopathological response grading of the specimens to nCRT (Dworak 1 + 2 or Dworak 3 + 4) [7] . 
Isotope Coded Protein Labeling (ICPL)
Before ICPL-labeling, acetone precipitation of solubilized and pooled proteins from microdissected (LCM) tissue was performed [10, 11] . To one volume of each sample 5 volumes of 100% acetone cooled to −20 °C were added and incubated overnight at −20 °C. Precipitated proteins were pelleted by centrifugation 30 min at 20,000× g at 4 °C. Pellets were washed twice with cold 80% (v/v) acetone by centrifugation for 5 min at 20,000× g at 4 °C. The protein concentration was determined by a Bradford assay (BioRad Laboratories GmbH, Munich, Germany) before and after acetone precipitation, the last of which was used to adjust sample concentration at 5 µg/µL in ICPL-lysis buffer (40 µL) containing 6 M guanidine-HCL and 0.1 M HEPES pH 8. 
Before ICPL-labeling, acetone precipitation of solubilized and pooled proteins from microdissected (LCM) tissue was performed [10, 11] . To one volume of each sample 5 volumes of 100% acetone cooled to´20˝C were added and incubated overnight at´20˝C. Precipitated proteins were pelleted by centrifugation 30 min at 20,000ˆg at 4˝C. Pellets were washed twice with cold 80% (v/v) acetone by centrifugation for 5 min at 20,000ˆg at 4˝C. The protein concentration was determined by a Bradford assay (BioRad Laboratories GmbH, Munich, Germany) before and after acetone precipitation, the last of which was used to adjust sample concentration at 5 µg/µL in ICPL-lysis buffer (40 µL) containing 6 M guanidine-HCL and 0.1 M HEPES pH 8. . As a control, sections were incubated with the same concentration of non binding isotypic mouse immunoglobulins. Immunostaining was detected using the ZytoChem-Plus AP (Alkaline phosphatase) polymer kit (Zytomed Systems, Berlin, Germany) and liquid permanent red (DAKO) according to the manufacturers' instruction. Slides were counterstained with gill-3 haematoxylin (Merck, Darmstadt, Germany), air-dried and mounted with VectaMount permanent mounting medium (Vector Laboratories, Burlingame, CA, USA) (Figure 1 ).
Statistics
Identification and quantification of the proteins were examined separately for the nCRT I and nCRT II group. Before quantification, the raw files were de-isotoped and deconvoluted by the extract function of the Trans Proteomic Pipeline software (TPP); Version 4.3 (Seattle Proteome Center, Washington, WA, USA) and transformed to an mzXML data format. Then quantification was performed using the ICPL-ESIQuant version 2.0 software [19] . Selected parameters were chosen as follows: mass accuracy 60 ppm, co-elution count: ě2 and ICPL (label 0, monoisotopic mass = 105.02), ICPL:2H(4) (label 4, monoisotopic mass = 109.04), ICPL:13C(6) (label 6, monoisotopic mass = 111.04), and ICPL:13C(6)-2H(4) (label 10, monoisotopic mass = 115.06). For identification, proteins were searched against the IPI (International Protein Index) database using of MASCOT, Version 2.2 (Matrix Science, London, UK) with the following parameter settings: Homo sapiens as organism, carbamidomethylation (C) as a fixed modification, variable modification of oxidized methionine, all 4 variable Protein Nterm and ICPL(K) labels, trypsin digestion with one missed cleavage allowed, minimum Mascot protein score ě60.0 and minimum Mascot peptide score ě20.0. For the reliability of the reported database search results an automatic decoy database search was performed with the same selected parameters as described above.
Quantification and Identification of Potential Protein Signatures
The ICPL-ESIQuant software (Max-Planck Institut for Biochemistry, Martinsried, Germany) was used for the evaluation of the total 50 individual samples (2ˆ24 OFFGEL-fractions and 2n on-fractionated samples). Proteins are considered to be quantified and identified, if at least two multiplets per protein and a unique peptide per protein were available. In case of a protein that was identified in neighboring OFFGEL-fractions, this protein was regarded as a single protein species. In case of a protein identified in several OFFGEL-fractions, but not in between two fractions, this protein was regarded as a separate protein species or isoform.
The identified proteins were classified as differentially expressed with a regulation value of 1.5 ě 1 ě 0.66, with at least two quadruplets per protein and a unique peptide per protein (CV ď 30%).
Conclusions
In summary we identified a panel of proteome markers which may act as response predictors for neoadjuvant CRT in rectal carcinomas in the future. The main limitation of our study is a limited patient cohort from which we derived our data. For this reason our results have to be considered as preliminary. In a next step these markers must be validated in an independent patient cohort prospectively to elucidate its value for clinical use.
